Introduction {#Sec1}
============

The study on how to damp vibrations in stay cables, which are attached to a pylon at one end and to a bridge deck at the other end, is of great importance not only in structural engineering but also in applied mathematics. The combined effect of rain and of wind can change the aerodynamic properties of the cable-stayed bridge and can lead to relatively large amplitude vibrations of the cables. For example, one can refer to the Erasmus bridge in Rotterdam, which started to vibrate heavily under mild wind--rain conditions shortly after its opening in 1996. This bridge was temporarily closed to the traffic as a safety precaution. As a temporarily measure, polypropylene ropes were installed between the cables and the bridge desk. Later, these ropes were replaced by hydraulic dampers as a permanent measure and by conforming to the aesthetic of the bridge designed by the architects. Much research on this problem has been done both numerically and experimentally to understand the mechanisms of rain--wind-induced vibration of inclined stay cables \[[@CR10], [@CR11]\]. For more recent experiments and numerical computations, the reader is referred to the following articles \[[@CR5], [@CR8], [@CR13], [@CR18]\].Fig. 1The inclined stretched cable in a static state

As has been observed from wind-tunnel experiments, raindrops hitting the inclined stay cable cause the generation of one or more rivulets on the surface of the cable. The presence of flowing water on the cable changes the mass and the aerodynamic properties of the bridge system that can lead to instabilities. These water rivulets on the cable surface can be considered as a time-varying mass in the system \[[@CR1], [@CR3]\]. In order to suppress undesirable vibrations in bridge structures, different kinds of dampers such as tuned mass dampers and oil dampers can be installed between the cables and the bridge deck. Numerous work has been done from the theoretical and the experimental point of view to predict the optimal damper location and type. Jacquot \[[@CR15]\] calculated the optimal value and location of the viscous damper which is located in a randomly forced horizontal cantilever beam.

These physical problems of rain--wind-induced vibration of inclined cables can be modelled mathematically by initial-boundary value problems for string-like or beam-like problems. For string-like problems, the static state due to gravity and the dynamic state due to a parametrical and a transversal excitation at one of the ends of the inclined string were studied in \[[@CR7]\]. For the inclined cable subjected to wind with a moving rivulet on its surface, the nonlinear dynamic model is investigated by considering the equilibrium position of the rivulet \[[@CR19]\]. The effect of the static condensation of the longitudinal displacement due to the cable inclination and the cable total tension is investigated by using numerical and analytical techniques in \[[@CR25]\]. In addition, the interaction among the three excitation sources: self excitation, which is caused by a mean wind flow, and external and parametric excitations due to vertical motion of the ground support, on the nonlinear dynamics of the inclined cable related to a cable-stayed bridge were studied in \[[@CR20]\]. In many papers, the rain--wind-induced vibrations of inclined taut cables have been studied, but much less work has been done on the rain--wind-induced vibrations of an inclined cable subjected to wind with time-varying rivulets on its surface.

From the practical point of view, the viscoelastic materials are modelled with a combination of spring-like and dashpot-like elements at the boundary in order to represent restorative force component and damping component, respectively. In this paper, we consider the linear (and nonlinear) dynamic response due to only a damper near one of the support ends of the inclined cable. On the cable, a time-varying (rain) mass rivulet is assumed to be present (see also Fig. [1](#Fig1){ref-type="fig"}). The stationary wind flow will lead to the phenomenon of self excitation of the cable. The damper location in the cable-stayed bridge is quite close to the anchorage of the cable. For more information on the effect of the bending stiffness of a tensioned cable for varying damper locations, the reader is referred to \[[@CR14], [@CR21], [@CR22]\].

The aim of this paper is to provide an understanding of how effective boundary damping is for inclined stretched beams with a small bending rigidity. These problems for strings or beams are considered to be basic models for oscillations of cables from a practical viewpoint. The outline of this paper is as follows. In Sect. [2](#Sec2){ref-type="sec"}, we apply a variational method in order to derive the governing equations of motion of the tensioned Euler--Bernoulli beam, and obtain a system of three coupled PDEs. By using Kirchhoff's approach, the number of PDEs in the system is reduced to two PDEs (one for the in-plane motion, and one for out-of-plane motion) or to a single PDE (only for the in-plane motion). The main aim of this section is to give a model to describe the dynamics of rain--wind-induced vibrations of an inclined beam, where the gravity effect is schematically shown in Fig. [1](#Fig1){ref-type="fig"}. In Sect. [3](#Sec3){ref-type="sec"}, we only consider the in-plane motion of the inclined beam with only one rivulet on the cable. In Sect. [4](#Sec4){ref-type="sec"}, the two-timescales perturbation method is used to solve the problem and some (non)resonance frequencies are determined. In this paper, we will consider the pure resonance case and the non-resonance case. All other resonance cases can be investigated similarly. Finally, the conclusions are presented in Sect. [5](#Sec8){ref-type="sec"}.

Equations of motion {#Sec2}
===================

We consider an inclined, perfectly flexible, elastic beam with a small bending rigidity on a finite interval $\documentclass[12pt]{minimal}
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Application of the two-timescales perturbation method {#Sec4}
=====================================================
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In the following subsections, we will study the non-resonant case, the sum-type resonance case, the difference-type resonance case and by considering only some of the first few modes and omitting the higher-order modes.

For simplicity, we will now assume that $\documentclass[12pt]{minimal}
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We will consider now only the first two modes and omit the higher-order modes. That is, we will assume that for the given $\documentclass[12pt]{minimal}
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Conclusions {#Sec8}
===========

In this paper, initial-boundary value problems for a tensioned beam equation are studied. The model is derived to describe the rain--wind-induced oscillations of an inclined cable. We applied a multiple-timescales perturbation method in order to observe whether or not mode interactions between vibration modes occur for certain values of the bending stiffness and the damping parameter. The results show that the system in both the pure resonance case and the non-resonance case can be stabilised by a boundary damper. Some of these cases are studied in Sect. [4](#Sec4){ref-type="sec"}. Mode interactions between two and more modes depending on the bending stiffness $\documentclass[12pt]{minimal}
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This paper provides an understanding of how effective boundary damping can be for the in-plane transversal oscillations of the cable. The same approach can be used for in-plane and out-of-plane transversal oscillations of elastic structures.

Appendix A: Aerodynamic parameters {#Sec9}
==================================

$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b&:=[ -(\psi _{1}+\alpha _{1})+ \mathrm {arctan}(\mathrm {tan}(\gamma ))], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} c&:=[ -(\psi _{2}+\alpha _{2})+ \mathrm {arctan}(\mathrm {tan}(\gamma ))], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{000}&:=\mathrm {sin}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{001}&:={b}~ \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{002}&:={c}~ \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{003}&:={b^3} \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{004}&:={c^3} \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{100}&:=2-\mathrm {cos}^2(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{101}&:=\mathrm {cos}(\gamma ) [\mathrm {cos}(\gamma ) -b~\mathrm {sin}(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{102}&:=\mathrm {cos}(\gamma ) [\mathrm {cos}(\gamma ) -c~\mathrm {sin}(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{103}&:={b^2} \mathrm {cos}(\gamma )[3\mathrm {cos}(\gamma ) -b~\mathrm {sin}(\gamma ) ], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{104}&:={c^2} \mathrm {cos}(\gamma )[3\mathrm {cos}(\gamma ) -c~\mathrm {sin}(\gamma ) ], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{010}&:=-\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{011}&:= \mathrm {sin}(\gamma )[\mathrm {cos}(\gamma )- b~\mathrm {sin}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{012}&:=\mathrm {sin}(\gamma )[\mathrm {cos}(\gamma )- c~\mathrm {sin}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{013}&:= {b^2} \mathrm {sin}(\gamma )[3\mathrm {cos}(\gamma ) -b~\mathrm {sin}(\gamma ) ] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{014}&:= {c^2} \mathrm {sin}(\gamma )[3\mathrm {cos}(\gamma ) -c~\mathrm {sin}(\gamma ) ] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{200}&:= \frac{\mathrm {sin}(\gamma )}{2}[2+ \mathrm {cos}^2(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{201}&:= \frac{\mathrm {cos}(\gamma )}{2}[2b-3b~\mathrm {cos}^2(\gamma )-2~\mathrm {sin}(2\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{202}&:=\frac{\mathrm {cos}(\gamma )}{2}[2c-3c~\mathrm {cos}^2(\gamma )-2~\mathrm {sin}(2\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{203}&:= \frac{{b}~\mathrm {cos}(\gamma )}{2}[2b^2+\mathrm {cos}^2(\gamma )(6-{3b^2})\nonumber \\&\quad -6b~\mathrm {sin}(2\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{204}&:= \frac{{c}~\mathrm {cos}(\gamma )}{2}[2c^2+\mathrm {cos}^2(\gamma )(6-{3c^2})\nonumber \\&\quad -6c~\mathrm {sin}(2\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{110}&:= \mathrm {cos}^3(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{111}&:= 4\mathrm {cos}^3(\gamma )-3\mathrm {cos}(\gamma ) +b[\mathrm {sin}(\gamma )\nonumber \\&\quad -3\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{112}&:= 4\mathrm {cos}^3(\gamma )-3\mathrm {cos}(\gamma ) +c[\mathrm {sin}(\gamma )\nonumber \\&\quad -3\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{113}&:= 6b\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )+ b^2[12 \mathrm {cos}^3(\gamma )-9\mathrm {cos}(\gamma )]\nonumber \\&\quad + b^3[-3\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )+\mathrm {sin}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{114}&:= 6c\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )+ c^2[12 \mathrm {cos}^3(\gamma )-9\mathrm {cos}(\gamma )]\nonumber \\&\quad + c^3[-3\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )+\mathrm {sin}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{020}&:= - \frac{\mathrm {sin}(\gamma )}{2}[3+\mathrm {cos}^2(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{021}&:= 2 \mathrm {sin}(\gamma ) \mathrm {cos}^2(\gamma )- \mathrm {sin}(\gamma )-\frac{3 b}{2}\mathrm {sin}^2(\gamma ) \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{022}&:= 2 \mathrm {sin}(\gamma ) \mathrm {cos}^2(\gamma )- \mathrm {sin}(\gamma )-\frac{3 c}{2}\mathrm {sin}^2(\gamma ) \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{023}&:= 3b~ \mathrm {sin}^2(\gamma ) \mathrm {cos}(\gamma )+ b^2[6~ \mathrm {sin}(\gamma ) \mathrm {cos}^2(\gamma )\nonumber \\&\quad -3~\mathrm {sin}(\gamma )]- \frac{3b^3}{2}\mathrm {sin}^2(\gamma ) \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{024}&:= 3c~ \mathrm {sin}^2(\gamma ) \mathrm {cos}(\gamma )+ c^2[6~ \mathrm {sin}(\gamma ) \mathrm {cos}^2(\gamma )\nonumber \\&\quad -3~\mathrm {sin}(\gamma )]- \frac{3c^3}{2}\mathrm {sin}^2(\gamma ) \mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{300}&:= \frac{\mathrm {cos}^2(\gamma )}{2} [5~\mathrm {cos}^2(\gamma )-4], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{301}&:= -\frac{\mathrm {cos}(\gamma )}{6}[-15b~\mathrm {sin}(\gamma ) \mathrm {cos}^2(\gamma )+23~\mathrm {cos}^3(\gamma )\nonumber \\&\quad +6b~\mathrm {sin}(\gamma )-18~\mathrm {cos}(\gamma ) ] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{302}&:= -\frac{\mathrm {cos}(\gamma )}{6}[-15c~\mathrm {sin}(\gamma ) \mathrm {cos}^2(\gamma )+23~\mathrm {cos}^3(\gamma )\nonumber \\&\quad +6c~\mathrm {sin}(\gamma )-18~\mathrm {cos}(\gamma ) ] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{303}&:= \Big ( 1-\frac{23b^2}{2} \Big ) \mathrm {cos}^4(\gamma ) +\Big ( \frac{5b^3}{2} -9b\Big ) \mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma ) \nonumber \\&\quad +9b^2~\mathrm {cos}^2(\gamma )-b^3~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{304}&:= \Big ( 1-\frac{23c^2}{2} \Big ) \mathrm {cos}^4(\gamma ) +\Big ( \frac{5c^3}{2} -9c\Big ) \mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma )\nonumber \\&\quad +9c^2~\mathrm {cos}^2(\gamma )-c^3~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{210}&:= \frac{3}{2}\mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{211}&:= b~[\frac{15}{2}\mathrm {cos}^2(\gamma )- \frac{15}{2}\mathrm {cos}^4(\gamma )-1]\nonumber \\&\quad +5\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )-\frac{23}{2}\mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{212}&:= c~[\frac{15}{2}\mathrm {cos}^2(\gamma )- \frac{15}{2}\mathrm {cos}^4(\gamma )-1]\nonumber \\&\quad +5\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )-\frac{23}{2}\mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{213}&:=\Big (27b-\frac{15b^3}{2}\Big )\mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big (3-\frac{69b^2}{2}\Big )\mathrm {sin}(\gamma ) \mathrm {cos}^3(\gamma )\nonumber \\&\quad +\Big (\frac{15b^3}{2}-21b\Big )\mathrm {cos}^2(\gamma )\nonumber \\&\quad +15b^2 \mathrm {sin}(\gamma ) \mathrm {cos}(\gamma )-b^3, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{214}&:= \Big (27c-\frac{15c^3}{2}\Big )\mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big (3-\frac{69c^2}{2}\Big )\mathrm {sin}(\gamma ) \mathrm {cos}^3(\gamma )\nonumber \\&\quad +\Big (\frac{15c^3}{2}-21c\Big )\mathrm {cos}^2(\gamma )\nonumber \\&\quad +15c^2 \mathrm {sin}(\gamma ) \mathrm {cos}(\gamma )-c^3 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{120}&:= \frac{3}{2}\mathrm {sin}^2(\gamma )\mathrm {cos}^2(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{121}&:=b \Big (-\frac{15}{2}\mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma )+ \frac{9}{2}\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ) \Big )\nonumber \\&\quad +\frac{17}{2}\mathrm {cos}^4(\gamma )- \frac{19}{2}\mathrm {cos}^2(\gamma )+2 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{122}&:=c \Big (-\frac{15}{2}\mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma )+ \frac{9}{2}\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ) \Big )\nonumber \\&\quad +\frac{17}{2}\mathrm {cos}^4(\gamma )- \frac{19}{2}\mathrm {cos}^2(\gamma )+2, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{123}&:= \Big (\frac{51b^2}{2}-3\Big )\mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big (27b-\frac{15b^3}{2}\Big )\mathrm {sin}(\gamma ) \mathrm {cos}^3(\gamma )\nonumber \\&\quad +\Big (3-\frac{57b^2}{2}\Big )\mathrm {cos}^2(\gamma )\nonumber \\&\quad +\Big (\frac{9b^3}{2}- 15b\Big ) \mathrm {sin}(\gamma ) \mathrm {cos}(\gamma )+6b^2 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{124}&:= \Big (\frac{51c^2}{2}-3\Big )\mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big (27c-\frac{15c^3}{2}\Big )\mathrm {sin}(\gamma ) \mathrm {cos}^3(\gamma )\nonumber \\&\quad +\Big (3-\frac{57c^2}{2}\Big )\mathrm {cos}^2(\gamma )\nonumber \\&\quad +\Big (\frac{9c^3}{2}- 15c\Big ) \mathrm {sin}(\gamma ) \mathrm {cos}(\gamma )+6c^2 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{030}&:= \frac{1}{2}\mathrm {sin}^3(\gamma )\mathrm {cos}(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{031}&:= \frac{\mathrm {sin}(\gamma )}{6}[23~\mathrm {cos}^3(\gamma )-17~\mathrm {cos}(\gamma )]\nonumber \\&\quad +\frac{b~\mathrm {sin}^2(\gamma )}{2}[1-5~\mathrm {cos}^2(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{032}&:=\frac{\mathrm {sin}(\gamma )}{6}[23~\mathrm {cos}^3(\gamma )-17~\mathrm {cos}(\gamma )]\nonumber \\&\quad +\frac{c~\mathrm {sin}^2(\gamma )}{2}[1-5~\mathrm {cos}^2(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{033}&:= \Big (\frac{23b^2}{2} -1\Big ) \mathrm {cos}^3(\gamma )\mathrm {sin}(\gamma )\nonumber \\&\quad -\Big ( \frac{5b^3}{2} -9b\Big ) \mathrm {sin}^2(\gamma )\mathrm {cos}^2(\gamma )\nonumber \\&\quad +\Big (1- \frac{17b^2}{2} \Big ) \mathrm {sin}(\gamma )\mathrm {cos}(\gamma )\nonumber \\&\quad +\Big (\frac{b^3}{2} -3b\Big ) \mathrm {sin}^2(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} a_{034}:=&\Big (\frac{23c^2}{2}-1 \Big ) \mathrm {cos}^3(\gamma )\mathrm {sin}(\gamma )\nonumber \\&\quad -\Big ( \frac{5c^3}{2} -9c\Big ) \mathrm {sin}^2(\gamma )\mathrm {cos}^2(\gamma )\nonumber \\&\quad +\Big (1- \frac{17c^2}{2} \Big ) \mathrm {sin}(\gamma )\mathrm {cos}(\gamma )\nonumber \\&\quad +\Big (\frac{c^3}{2} -3c\Big ) \mathrm {sin}^2(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{000}&:=\mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{001}&:={b}~ \mathrm {sin}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{002}&:={c}~ \mathrm {sin}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{003}&:={b^3} \mathrm {sin}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{004}&:={c^3} \mathrm {sin}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{100}&:= \mathrm {sin}(\gamma )\mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{101}&:= \mathrm {cos}(\gamma )[b~\mathrm {cos}(\gamma )+\mathrm {sin}(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{102}&:= \mathrm {cos}(\gamma )[c~\mathrm {cos}(\gamma )+\mathrm {sin}(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{103}&:= {b^2} \mathrm {cos}(\gamma )[3\mathrm {sin}(\gamma ) +b~\mathrm {cos}(\gamma ) ], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{104}&:= {c^2} \mathrm {cos}(\gamma )[3\mathrm {sin}(\gamma ) +c~\mathrm {cos}(\gamma ) ], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{010}&:= -1- \mathrm {cos}^2(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{011}&:= \mathrm {sin}(\gamma )[b~\mathrm {cos}(\gamma )+\mathrm {sin}(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{012}&:= \mathrm {sin}(\gamma )[c~\mathrm {cos}(\gamma )+\mathrm {sin}(\gamma )], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{013}&:= {b^2} \mathrm {sin}(\gamma )[3\mathrm {sin}(\gamma ) +b~\mathrm {cos}(\gamma ) ], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{014}&:= {c^2} \mathrm {sin}(\gamma )[3\mathrm {sin}(\gamma ) +c~\mathrm {cos}(\gamma ) ], \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{200}&:= \frac{\mathrm {cos}^3(\gamma )}{2} , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{201}&:= -\frac{\mathrm {cos}(\gamma )}{2}[2-4~\mathrm {cos}^2(\gamma )+3b~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{202}&:= -\frac{\mathrm {cos}(\gamma )}{2}[2-4~\mathrm {cos}^2(\gamma )+3c~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{203}&:= \frac{-3b}{2}\mathrm {cos}(\gamma ) [b^2~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )-4b~\mathrm {cos}^2(\gamma )\nonumber \\&\quad -2\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )+2b] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{204}&:= \frac{-3c}{2}\mathrm {cos}(\gamma ) [c^2~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )-4c~\mathrm {cos}^2(\gamma )\nonumber \\&\quad -2\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )+2c] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{110}&:= -\mathrm {sin}^3(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{111}&:= b~[3\mathrm {cos}^3(\gamma )-2\mathrm {cos}(\gamma )]\nonumber \\&\quad +4\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )-\mathrm {sin}(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{112}&:= c~[3\mathrm {cos}^3(\gamma )-2\mathrm {cos}(\gamma )]\nonumber \\&\quad +4\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )-\mathrm {sin}(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{113}&:= b^3~[3\mathrm {cos}^3(\gamma )-2\mathrm {cos}(\gamma )]\nonumber \\&\quad +3b^2~[4\mathrm {cos}^2(\gamma )\mathrm {sin}(\gamma )-\mathrm {sin}(\gamma )]\nonumber \\&\quad -6b[\mathrm {cos}^3(\gamma )-\mathrm {cos}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{114}&:= c^3~[3\mathrm {cos}^3(\gamma )-2\mathrm {cos}(\gamma )]\nonumber \\&\quad +3c^2~[4\mathrm {cos}^2(\gamma )\mathrm {sin}(\gamma )-\mathrm {sin}(\gamma )]\nonumber \\&\quad -6c[\mathrm {cos}^3(\gamma )-\mathrm {cos}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{020}&:= -\frac{\mathrm {cos}(\gamma )}{2}[\mathrm {cos}^2(\gamma )-3] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{021}&:= \frac{\mathrm {sin}(\gamma )}{2}[3b~\mathrm {cos}^2(\gamma )+4\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )-b] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{022}&:= \frac{\mathrm {sin}(\gamma )}{2}[3c~\mathrm {cos}^2(\gamma )+4\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )-c] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{023}&:= \frac{b}{2}\mathrm {sin}(\gamma )[3b^2~\mathrm {cos}^2(\gamma ) +12b~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )\nonumber \\&\quad -6\mathrm {cos}^2(\gamma )-b^2+6] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{024}&:= \frac{c}{2}\mathrm {sin}(\gamma )[3c^2~\mathrm {cos}^2(\gamma ) +12c~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )\nonumber \\&\quad -6\mathrm {cos}^2(\gamma )-c^2+6] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{300}&:= -\frac{1}{2}\mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{301}&:= -\frac{\mathrm {cos}(\gamma )}{6}[3b~\mathrm {cos}^3(\gamma )+23~\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )\nonumber \\&\quad -6\mathrm {sin}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{302}&:=-\frac{\mathrm {cos}(\gamma )}{6}[3c~\mathrm {cos}^3(\gamma )+23~\mathrm {sin}(\gamma )\mathrm {cos}^2(\gamma )\nonumber \\&\quad -6\mathrm {sin}(\gamma )] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{303}&:= \Big ( 9b-\frac{b^3}{2} \Big ) \mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big (1- \frac{23b^2}{2}\Big ) \mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma )\nonumber \\&\quad -6b~\mathrm {cos}^2(\gamma ) +3b^2~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{304}&:= \Big ( 9c-\frac{c^3}{2} \Big ) \mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big (1- \frac{23c^2}{2}\Big ) \mathrm {sin}(\gamma )\mathrm {cos}^3(\gamma )\nonumber \\&\quad -6c~\mathrm {cos}^2(\gamma ) +3c^2~\mathrm {sin}(\gamma )\mathrm {cos}(\gamma ), \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{210}&:= -\frac{3}{2}\mathrm {sin}^2(\gamma )\mathrm {cos}^2(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{211}&:= b[-\frac{15}{2}\mathrm {cos}^3(\gamma )\mathrm {sin}(\gamma )+3\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )]\nonumber \\&\quad +\frac{19}{2}\mathrm {cos}^4(\gamma )-\frac{17}{2}\mathrm {cos}^2(\gamma )+1 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{212}:=&c[-\frac{15}{2}\mathrm {cos}^3(\gamma )\mathrm {sin}(\gamma )+3\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )]\nonumber \\&\quad +\frac{19}{2}\mathrm {cos}^4(\gamma )-\frac{17}{2}\mathrm {cos}^2(\gamma )+1 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{213}&:= \Big (\frac{69b^2}{2} -3 \Big ) \mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big ( 27b-\frac{15b^3}{2}\Big ) \mathrm {cos}^3(\gamma ) \mathrm {sin}(\gamma )\nonumber \\&\quad + \Big (3-\frac{63b^2}{2} \Big ) \mathrm {cos}^2(\gamma )\nonumber \\&\quad +\Big ( 3b^3-12b\Big ) \mathrm {cos}(\gamma ) \mathrm {sin}(\gamma )+3b^2 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{214}&:= \Big (\frac{69c^2}{2} -3 \Big ) \mathrm {cos}^4(\gamma )\nonumber \\&\quad +\Big ( 27c-\frac{15c^3}{2}\Big ) \mathrm {cos}^3(\gamma ) \mathrm {sin}(\gamma )\nonumber \\&\quad + \Big (3-\frac{63c^2}{2} \Big ) \mathrm {cos}^2(\gamma )\nonumber \\&\quad +\Big ( 3c^3-12c\Big ) \mathrm {cos}(\gamma ) \mathrm {sin}(\gamma )+3c^2 , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{120}&:= -\frac{3}{2}\mathrm {cos}(\gamma ) \mathrm {sin}^3(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{121}&:= b[\frac{15}{2}\mathrm {cos}^4 (\gamma )-\frac{15}{2} \mathrm {cos}^2(\gamma )+1]\nonumber \\&\quad +\frac{23}{2}\mathrm {cos}^3(\gamma ) \mathrm {sin}(\gamma )- \frac{13}{2}\mathrm {cos}(\gamma ) \mathrm {sin}(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{122}&:= c[\frac{15}{2}\mathrm {cos}^4 (\gamma )-\frac{15}{2} \mathrm {cos}^2(\gamma )+1]\nonumber \\&\quad +\frac{23}{2}\mathrm {cos}^3(\gamma ) \mathrm {sin}(\gamma )\nonumber \\&\quad -\frac{13}{2}\mathrm {cos}(\gamma ) \mathrm {sin}(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{123}&:= \Big ( \frac{15b^3}{2}-27b\Big )\mathrm {cos}^4 (\gamma )\nonumber \\&\quad +\Big (\frac{69b^2}{2}-3 \Big )\mathrm {cos}^3(\gamma ) \mathrm {sin}(\gamma )\nonumber \\&\quad + \Big (33b-\frac{15b^3}{2}\Big )\mathrm {cos}^2(\gamma ) \nonumber \\&\quad +\Big (3-\frac{39b^2}{2} \Big )\mathrm {cos}(\gamma ) \mathrm {sin}(\gamma ) +b^3-6b, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{124}&:= \Big ( \frac{15c^3}{2}-27c\Big )\mathrm {cos}^4 (\gamma )\nonumber \\&\quad +\Big (\frac{69c^2}{2}-3 \Big )\mathrm {cos}^3(\gamma ) \mathrm {sin}(\gamma )\nonumber \\&\quad + \Big ( 33c-\frac{15c^3}{2}\Big )\mathrm {cos}^2(\gamma ) \nonumber \\&\quad +\Big (3-\frac{39c^2}{2} \Big )\mathrm {cos}(\gamma ) \mathrm {sin}(\gamma ) +c^3-6c, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{030}&:= -\frac{\mathrm {sin}^2(\gamma )}{2}[\mathrm {cos}^2(\gamma )-2\mathrm {cos}(\gamma )+1] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{031}&:= \frac{\mathrm {sin}(\gamma )}{6}[15b~\mathrm {cos}^3(\gamma )+23~\mathrm {cos}^2(\gamma )\mathrm {sin}(\gamma )\nonumber \\&\quad -9b~\mathrm {cos}(\gamma )-5\mathrm {sin}(\gamma ) ] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{032}&:= \frac{\mathrm {sin}(\gamma )}{6}[15c~\mathrm {cos}^3(\gamma )+23~\mathrm {cos}^2(\gamma )\mathrm {sin}(\gamma )\nonumber \\&\quad -9c~\mathrm {cos}(\gamma )-5\mathrm {sin}(\gamma ) ] , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{033}&:= \Big (\frac{5b^3}{2}-9b \Big )\mathrm {cos}^3(\gamma )\mathrm {sin}(\gamma )\nonumber \\&\quad +\Big (\frac{23b^2}{2}-1\Big )\mathrm {cos}^2(\gamma )\mathrm {sin}^2(\gamma )\nonumber \\&\quad +\Big (9b-\frac{3b^3}{2}\Big )\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )\nonumber \\&\quad +\Big (1-\frac{5b^2}{2} \Big )\mathrm {sin}^2(\gamma ) , \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} b_{034}&:= \Big (\frac{5c^3}{2}-9c \Big )\mathrm {cos}^3(\gamma )\mathrm {sin}(\gamma )\nonumber \\&\quad +\Big (\frac{23c^2}{2}-1\Big )\mathrm {cos}^2(\gamma )\mathrm {sin}^2(\gamma )\nonumber \\&\quad +\Big (9c-\frac{3c^3}{2}\Big )\mathrm {sin}(\gamma )\mathrm {cos}(\gamma )\nonumber \\&\quad +\Big (1-\frac{5c^2}{2} \Big )\mathrm {sin}^2(\gamma ). \end{aligned}$$\end{document}$$

Appendix B: Stationary solution $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{u}_{x}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{v}_{x}$$\end{document}$ {#Sec10}
=================================================================================================

The stationary solution follows from Eqs. ([31](#Equ31){ref-type=""}) and ([32](#Equ32){ref-type=""}) by considering no time dependence, yielding$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&-\frac{E}{M}~ \frac{\partial }{\partial x} \Big ( ~\hat{u}_{x}+\frac{\hat{v}_{x}^2}{2} \Big )=0 \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&{ E I_{y} \over A M } \hat{v}_{xxxx} -\frac{T_{0}}{AM}\hat{v}_{xx} -\frac{E}{M} \frac{\partial }{\partial x} \Big [ \hat{v}_{x} \Big ( \hat{u}_{x}+\frac{\hat{v}_{x}^{2}}{2}\Big ) \Big ]\nonumber \\&\quad = (L-x)~g ~\mathrm {sin}(\alpha ) \hat{v}_{xx} -g ~\mathrm {sin}(\alpha ) \hat{v}_{x} \nonumber \\&\qquad +g ~\mathrm {cos}(\alpha ) -{\frac{\rho _{a}}{2AM}} d L v_{\infty }^2 A_{00}. \end{aligned}$$\end{document}$$It will be assumed that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{u}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}(\epsilon ^2)$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{v}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}(\epsilon )$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{A}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}(\epsilon )$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$g \mathrm {sin(\alpha )}=P_{0}^{*}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}(1)$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\frac{E}{M}=P_{1}^{*}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}({1}/{\epsilon })$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ E I_{y} \over A M }=P_{2}^{*}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}({1}/{\epsilon })$$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ T_{0} \over A M }=P_{3}^{*}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}({1}/{\epsilon })$$\end{document}$, where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\epsilon $$\end{document}$ is a small parameter with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0<\epsilon \ll 1$$\end{document}$. Then, by using these assumptions, Eqs. ([236](#Equ236){ref-type=""}) and ([237](#Equ237){ref-type=""}) become$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&-P_{1}^{*}~ \frac{\partial }{\partial x} \Big ( ~\hat{u}_{x}+\frac{\hat{v}_{x}^2}{2} \Big )= 0, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&P_{2}^{*} \hat{v}_{xxxx}-P_{3}^{*} \hat{v}_{xx} -P_{1}^{*} \frac{\partial }{\partial x} \Big [ \hat{v}_{x} \Big ( \hat{u}_{x}+\frac{\hat{v}_{x}^{2}}{2}\Big ) \Big ]\nonumber \\&\quad = \frac{\partial }{\partial x} \Big [ P_{0}^{*} (L-x)g \mathrm {sin}(\alpha ) \hat{v}_{x}\Big ]\nonumber \\&\qquad + P_{4}^{*} -{\frac{\rho _{a}}{2AM}} d L v_{\infty }^2 A_{00} +\mathcal {O}(\epsilon ). \end{aligned}$$\end{document}$$with the boundary conditions$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&\hat{u}(L)=\hat{u}(0)=0, \nonumber \\&\hat{v}(0)=\hat{v}_{xx}(0)=\hat{v}_{x}(L)=0, \nonumber \\&EI_{y}\hat{v}_{xxx}(L) = T_{0} \hat{v}_{x}(L). \end{aligned}$$\end{document}$$When Eqs. ([238](#Equ238){ref-type=""}) and ([239](#Equ239){ref-type=""}) are integrated with respect to *x*, we may rewrite$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&Y\Big ( ~\hat{u}_{x}+\frac{\hat{v}_{x}^2}{2} \Big )= k_{1}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&\hat{v}_{xxx}-\frac{P_{3}^{*}}{P_{2}^{*} } \hat{v}_{x} -\frac{P_{1}^{*}}{P_{2}^{*} } \frac{\partial }{\partial x} \Big [ \hat{v}_{x} \Big ( \hat{u}_{x}+\frac{\hat{v}_{x}^{2}}{2}\Big ) \Big ]\nonumber \\&\quad =\frac{P_{0}^{*} }{P_{2}^{*}} (L-x)g \mathrm {sin}(\alpha ) \hat{v}_{x} \nonumber \\&\qquad + \frac{P_{4}^{*} x}{P_{2}^{*} } -{\frac{\rho _{a}}{2AMP_{2}^{*} }} d L v_{\infty }^2 A_{00} x +k_{2}, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k_{1}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k_{2}$$\end{document}$ are constants of integration. Substitute Eq. ([241](#Equ241){ref-type=""}) into Eq. ([242](#Equ242){ref-type=""}), we obtain$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \hat{v}_{xxxx}-\hat{v}_{x}(k_{3}-xk_{4})=k_{2}+xk_{5}, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k_{4}=\frac{P_{0}^{*}}{P_{2}^{*}}g \mathrm {sin}(\alpha )$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k_{3}=\frac{(P_{3}^{*}+P_{1}^{*}k_{1})}{P_{2}^{*}}+L k_{4} $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k_{5}=\frac{P_{4}^{*}}{P_{2}^{*}}-\frac{\rho _{a}}{2AMP_{2}^{*} } d L v_{\infty }^2 A_{00}$$\end{document}$. In order to solve the non-homogeneous PDE Eq. ([243](#Equ243){ref-type=""}), we will apply the method of variation of parameters and obtain$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&\hat{v}(x)=\int _{0}^{x} C_{1} A_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x} \nonumber \\&\quad +\int _{0}^{x} C_{2} B_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x} \nonumber \\&\quad -\int _{0}^{x} A_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \Bigg \{ \int _{0}^{\bar{x}} \Big (\frac{k_{2}+sk_{5}}{Wr(s)} \Big ) B_{i}\Big (\frac{k_{3}-s k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}s \Bigg \} \mathrm {d}\bar{x} \nonumber \\&\quad +\int _{0}^{x} B_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \Bigg \{ \int _{0}^{\bar{x}} \Big (\frac{k_{2}+sk_{5}}{Wr(s)} \Big ) A_{i}\Big (\frac{k_{3}-s k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}s \Bigg \} \mathrm {d}\bar{x}+C_{3}. \end{aligned}$$\end{document}$$Here $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$A_{i}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_{i}$$\end{document}$ are Airy functions, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$C_{1}, C_{2}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$C_{3}$$\end{document}$ are constants of integration, and$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&Wr(x)= A_{i}\Big (\frac{k_{3}-{x}k_{4}}{k_{4}^{2/3}} \Big ) \frac{\mathrm {d}}{\mathrm {d}x} \Big [ B_{i}\Big (\frac{k_{3}-{x}k_{4}}{k_{4}^{2/3}} \Big ) \Big ]\nonumber \\&\quad -B_{i}\Big (\frac{k_{3}-{x}k_{4}}{k_{4}^{2/3}} \Big ) \frac{\mathrm {d} }{\mathrm {d} x} \Big [ A_{i}\Big (\frac{k_{3}-{x}k_{4}}{k_{4}^{2/3}} \Big ) \Big ]. \end{aligned}$$\end{document}$$Substituting Eq. ([244](#Equ244){ref-type=""}) into Eq. ([241](#Equ241){ref-type=""}) and integrated with respect to *x*, we obtain$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&\hat{u}(x)= k_{1} x -\frac{1}{2}\int _{0}^{x} \Bigg \{ C_{1} A_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \nonumber \\&\quad +C_{2} B_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \nonumber \\&\quad -A_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \Big [ \int _{0}^{\bar{x}} \Big (\frac{k_{2}+sk_{5}}{Wr(s)} \Big ) B_{i}\Big (\frac{k_{3}-s k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}s \Big ] \nonumber \\&\quad +B_{i}\Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \Big [ \int _{0}^{\bar{x}} \Big (\frac{k_{2}+sk_{5}}{Wr(s)} \Big ) A_{i}\Big (\frac{k_{3}-s k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}s \Big ] \Bigg \} ^2 \mathrm {d}\bar{x}\nonumber \\&\quad +C_{4}. \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$C_{4}$$\end{document}$ is a constant of integration. By satisfying boundary conditions of Eq. ([240](#Equ240){ref-type=""}) for stationary solution, we obtain$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} k_{1}&:=\frac{1}{2L} \int _{0}^{L} \hat{v}_{\bar{x}}^2 \mathrm {d}\bar{x}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} k_{2}&:=\frac{N_{3}F_{1}-F_{3}N_{1}}{N_{1}F_{2}+F_{1}N_{2}}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} C_{1}&:=-C_{2}\frac{B_{i} \Big (1, \frac{k_{3}}{k_{4}^{2/3}} \Big )}{A_{i} \Big (1, \frac{k_{3}}{k_{4}^{2/3}} \Big )}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} C_{2}&:=\frac{N_{3}F_{2}+F_{3}N_{2}}{N_{1}F_{2}+F_{1}N_{2}}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} C_{3}&:=C_{4}=0, \end{aligned}$$\end{document}$$where$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} N_{1}&:= \Bigg \{- A_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \frac{B_{i} \Big (1, \frac{k_{3}}{k_{4}^{2/3}} \Big )}{A_{i} \Big (1, \frac{k_{3}}{k_{4}^{2/3}} \Big )}\nonumber \\&\quad +B_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \Bigg \}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} N_{2}&:=\Bigg \{ -A_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \int _{0}^{L} \frac{1}{Wr(\bar{x})}B_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x}\nonumber \\&\quad +{B_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )}\int _{0}^{L} \frac{1}{Wr(\bar{x})}A_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x}\Bigg \}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} N_{3}&:=\Bigg \{ A_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \int _{0}^{L} \frac{\bar{x}k_{5}}{Wr(\bar{x})}B_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x}\nonumber \\&\quad -{B_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )}\int _{0}^{L} \frac{\bar{x}k_{5}}{Wr(\bar{x})}A_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x}\Bigg \}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&F_{1}:=\frac{E I_{y}}{T_{0}}(k_{3}-Lk_{4}) \Bigg \{ B_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )\nonumber \\&\quad - A_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )\frac{B_{i} \Big (1, \frac{k_{3}}{k_{4}^{2/3}} \Big )}{A_{i} \Big (1, \frac{k_{3}}{k_{4}^{2/3}} \Big )}\Bigg \}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&F_{2}:=\frac{E I_{y}}{T_{0}}(k_{3}-Lk_{4}) \Bigg \{ A_{i} \Big ( \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \int _{0}^{L} \frac{1}{Wr(\bar{x})}B_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x}\nonumber \\&\quad -{B_{i} \Big ( \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )}\int _{0}^{L} \frac{1}{Wr(\bar{x})}A_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x} \Bigg \}\nonumber \\&\quad +\frac{E I_{y}}{T_{0}} k_{4}^{1/3} \Bigg \{A_{i} \Big (1, \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \frac{1}{Wr(L)}B_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \nonumber \\&\quad -{B_{i} \Big (1, \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )}\frac{1}{Wr(L)}A_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \Bigg \}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned}&F_{3}:=\frac{E I_{y}}{T_{0}}(k_{3}-Lk_{4}) \Bigg \{ A_{i} \Big ( \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \int _{0}^{L} \frac{\bar{x}k_{5}}{Wr(\bar{x})}B_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x}\nonumber \\&\quad -{B_{i} \Big ( \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )}\int _{0}^{L} \frac{\bar{x}k_{5}}{Wr(\bar{x})}A_{i} \Big (\frac{k_{3}-\bar{x}k_{4}}{k_{4}^{2/3}} \Big ) \mathrm {d}\bar{x} \Bigg \} \nonumber \\&\quad +\frac{E I_{y}}{T_{0}} k_{4}^{1/3} \Bigg \{-A_{i} \Big (1, \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \frac{Lk_{5}}{Wr(L)}B_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \nonumber \\&\quad +{B_{i} \Big (1, \frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big )}\frac{Lk_{5}}{Wr(L)}A_{i} \Big (\frac{k_{3}-Lk_{4}}{k_{4}^{2/3}} \Big ) \Bigg \}. \end{aligned}$$\end{document}$$

Tugce Akkaya would like to thank Delft University of Technology, The Netherlands, for the financial support of her research.

Conflict of interest {#FPar1}
====================

The authors declare that they have no conflict of interest.
